of partial-mouth periodontal examination protocols for periodontitis surveillance.
Periodontitis remains as a critical disease with potential systemic implications which affects worldwide populations (Eke et al. 2012a , Petersen & Ogawa 2012 . Various surveillance programs have implemented the use of different methods to measure periodontal disease in populations (Dye & Thornton-Evans 2007 , Gokalp et al. 2010 , Eke et al. 2012a , White et al. 2012 , Tu et al. 2013 . However, researchers have not reached a consensus on an effective method due to various levels of underestimation of periodontitis prevalence (Susin et al. 2005 , Vettore et al. 2007 , Leroy et al. 2010 .
Full-mouth periodontal examination (FMPE) protocol is the gold standard to determine an individual periodontal status. It has been implemented in the National Health and Nutrition Examination Survey (NHANES) since 2009 (Centers for Disease Control & Prevention 2013b) to evaluate the trend or change in periodontitis prevalence in the adult U.S. population (Healthy People 2020). While a comprehensive examination is feasible as part of routine dental care; FMPE that includes evaluation of 168 sites (six sites per tooth) is labour, time and resource demanding for periodontitis surveillance (Kingman et al. 2008) . Although full-mouth periodontal examination was allotted <5 min. in the NHANES 2009-2010 (Centers for Disease Control & Prevention 2013a), a study showed that FMPE took an average of 28.8 min. to measure a complete periodontal exam (Owens et al. 2003) .
Therefore, partial-mouth periodontal examination (PMPE) protocols which assess fewer sites yet, still estimating the overall periodontal status have been used. PMPE definition is the clinical assessment of representative sets of teeth or probing sites (Kingman & Albandar 2002) . Accuracy of PMPE protocols in determining true prevalence was shown to vary by disease level in population, periodontitis case definition, tooth location, number and probing sites (Susin et al. 2005 .
In 2007, the CDC and American Academy of Periodontology (CDC/ AAP) introduced a case definition of periodontitis to be used for population-based surveillance (Eke et al. 2012b ). According to this definition, two PMPE protocols used in the NHANES III and NHANES 1999-2004 provided high levels of underestimation of periodontitis prevalence (Eke et al. , 2012a . However, the application of the same CDC/ AAP case definition of periodontitis to both, FMPE and PMPE protocols may cause bias in PMPE protocols estimates of prevalence. Since PMPE examined fewer probing sites than FMPE protocols, the use of a FMPE case definition applied to PMPE protocol would be inaccurate; i.e. the CDC/AAP definition of periodontitis should be different in FMPE and PMPE protocols. This source of bias has not been previously addressed and is critical to establish the true prevalence of periodontitis in a population.
There has been no evaluation of the accuracy of PMPE protocols, which were previously identified as the ones with the lowest bias or frequent use (Susin et al. 2005 , Tran et al. 2013 , as compared to FMPE when assessing prevalence of periodontitis using the CDC/AAP definition. It is important to have data on bias for a wide range of PMPE protocols according to this definition to assess the amount of the underestimation when comparing prevalence of periodontitis within and between countries. Hence, our specific aim is to evaluate bias for different PMPE protocols in estimating periodontitis prevalence according to the CDC/ AAP case definition and our modified half-reduced CDC/AAP case definition in the NHANES 2009-2010 dataset.
Material and Methods
Partial-mouth periodontal examination protocols and data origin Partial-mouth periodontal examination protocols performance was evaluated using existent data from the NHANES 2009-2010 (Centers for Disease Control & Prevention 2013b). Nine PMPE protocols previously identified as the ones with the lowest bias or frequent use (Susin et al. 2005 , Tran et al. 2013 ) were assessed in this study. As measurements on mid-buccal and mid-lingual sites are not used in the CDC/ AAP case definition, these sites were excluded from the nine PMPE protocols. The protocols were: (i) mesiobuccal (MB), distobuccal (DB), mesiolingual (ML) and distolingual (DL) measurements on six "Ramfjord" teethmaxillary right and mandibular left first molars, maxillary left and mandibular right first premolars and maxillary right and mandibular left central incisors; (ii) MB-DB-ML-DL measurements on 10 teeth of the Community Periodontal Index (CPI protocol)maxillary and mandibular first and second molars, maxillary right and mandibular left central incisors; (iii) MB measurements on all teeth; (iv) MB-DB measurements on all teeth; (v) MB-DL measurements on all teeth; (vi) MB measurements on teeth on random half-mouth, a maxillary and mandibular quadrant randomly selected; (vii) random halfmouth MB-DB; (viii) random halfmouth MB-DL; and (ix) random half-mouth MB-DB-ML-DL (also named as half-mouth four sites). The randomness of the selected quadrant for each subject was created using Stata's random-number function.
National Health and Nutrition Examination Survey 2009-2010 is a representative sample of the U.S. population including 5037 adults aged ≥30 years for periodontal examination (Centers for Disease Control & Prevention 2013b). From the original dataset, we applied participant exclusion criteria as shown in Fig. 1 . Subjects with <6 teeth were excluded as several PMPE protocols had missing values for these subjects. 3667 subjects were included in the evaluation of the PMPE protocols.
National Health and Nutrition Examination Survey participants were examined by dental hygienists with Hu-Friedy PCP-2 (2-4-6-8-10-12) periodontal probe (Hu-Friedy, Chicago, IL, USA) at mobile examination centres. Each measurement is rounded to the lowest whole millimetre. Periodontal measurements were performed at six sites per tooth in all dentition. Calibration of examiners for NHANES 2009-2010 subjects was described (Centers for Disease Control & Prevention 2013b) but the inter-rater agreement has not been published. The latest calibration information for periodontitis published was for NHANES [2003] [2004] with kappa scores between 0.64 and 0.82 (Dye et al. 2008 ).
Data analyses
We compared periodontitis prevalence determined by FMPE with the prevalence determined by PMPE protocols using the same data. CDC/AAP (Eke et al. 2012b) defined periodontitis as follows: Mild: ≥2 inter-proximal sites with ≥3 mm clinical attachment loss (CAL), and ≥2 inter-proximal sites with ≥4 mm pocket depth (PD; on different teeth) or one site with ≥5 mm PD; Moderate: ≥2 interproximal sites with ≥4 mm CAL (on different teeth), or ≥2 inter-proximal sites with ≥5 mm PD (on different teeth); Severe: ≥2 inter-proximal sites with ≥6 mm CAL (on different teeth) and ≥1 inter-proximal site with ≥5 mm PD (on the same site with CAL ≥6 mm or on different sites).
Because the PMPE protocols examined <50% of total sites, we suggested a half-reduced CDC/AAP case definition for the PMPE protocols which is defined as Mild: ≥1 inter-proximal sites with ≥3 mm CAL, and ≥1 inter-proximal sites with ≥ 4 mm PD (on the same site with CAL ≥3 mm or on different sites) or one site with ≥5 mm PD; Moderate: ≥1 inter-proximal sites with ≥4 mm CAL, or ≥1 inter-proximal sites with ≥5 mm PD; Severe: ≥1 inter-proximal sites with ≥6 mm CAL and ≥1 inter-proximal site with ≥5 mm PD (on the same site with CAL ≥6 mm or on different sites). In this research, we have chosen to evaluate only moderate and severe periodontitis categories to eliminate a potential risk on the bias for PMPE protocols in mild periodontitis prevalence.
The comparison was conducted by: (i) applying the half-reduced CDC/AAP definition to the PMPE protocols; and (ii) applying the CDC/ AAP definition to the PMPE protocols. The CDC/AAP definition was always applied to the FMPE protocol.
The comparison was based on the absolute bias, relative bias, sensitivity and inflation factor:
In case two definitions were applied to FMPE and PMPE protocol, PMPE protocol may overestimate the periodontitis prevalence, resulting a positive relative bias and an inflation factor <100%. For the NHANEs sample, PMPE protocol associated bias for prevalence estimate was stratified by age groups at 10-year intervals, race/ethnicity, gender, education level and number of teeth categorized by median. These variables affect periodontitis prevalence (Burt 2005) which was related with bias for the estimates provided by PMPE protocols (Kingman et al. 1988 , Susin et al. 2005 . Patients with missing data of any variable above were not included in the subgroup analysis for that variable. Data analysis was conducted using STATA 13 (StataCorp 2013).
Results

Subjects
For the NHANES sample, age ranged between 30 and 80 years. Approximately half of subjects were male, white, having some college education or higher. Mean number of teeth was 23.4, median was 25 teeth and the range was 6-28 teeth. 13.6% of sites had PD ≥3 mm and 19.6% of sites had CAL ≥3 mm ( Table 1) . and À9% for moderate and severe disease respectively). The range of sensitivity was 23.7-88.9% and of inflation factor was 112.5-421.4% (Table 2) .
Half-reduced CDC/AAP case definition applied to the PMPE protocols
Biases and inflation factors for all PMPE protocols decreased remarkably when we applied the halfreduced CDC/AAP case definition to the PMPE protocols. Among all nine PMPE protocols evaluated, the CPI, full-mouth MB-DB, full-mouth MB-DL and half-mouth four sites proto-cols provided smaller absolute biases (À1.6% to 0.6%) and relative biases (À13.6% to 5.1%) for severe periodontitis; their corresponding biases for moderate periodontitis were 3.2-5.2% and 9.3-15.2%. Inflation factors for these four protocols were close to 100% (Table 3) .
Effect of age, gender, education and number of teeth on bias Table 4 and Table S1 present the effect of age, gender, education and number of teeth on bias associated with the CPI, full-mouth MB-DB, full-mouth MB-DL and half-mouth protocol ranged from À2.9% to 0.8% and associated relative bias ranged from À22.5% to 22.9%.
Other PMPE protocols provided relative bias <21% in all strata except age groups 30-39 years, 40-49 years and group with more than 25 teeth. The severe periodontitis estimate had relative bias 57.1% based on the CPI protocol and 40% based on the full-mouth MB-DL protocol in the age group 30-39 years.
Discussion
This study presented the differences between nine PMPE protocols and the FMPE in two situations: (i) using the same CDC/AAP definition for the PMPE protocols; and (ii) using the half-reduced CDC/AAP definition for the PMPE protocols.
In the first situation, although the full-mouth MB-DL performed better than other protocols, it did not closely estimate severe periodontitis prevalence in the NHANES sample (absolute bias, À3.2%; relative bias, À27.1%; sensitivity, 72.9%). We demonstrated that only with the half-reduced CDC/AAP definition, the half-mouth four sites protocol closely approximated FMPE protocol in estimates of periodontitis prevalence in the NHANES sample. Among the nine PMPE protocols evaluated, it provided small absolute bias (3.2%) and relative bias (9.3%) for the estimates of moderate periodontitis prevalence; corresponding biases for severe periodontitis were À1.2% and À10.2%. It also consistently provided small absolute bias (0.8-5.6%) and relative bias (2-18.3%) for moderate periodontitis across all strata of age, gender, race/ ethnicity, education level and number of teeth; corresponding biases for severe periodontitis were À2.9% to 0.8% and À22.5% to 22.9%. We suggest using the half-mouth four sites protocol instead of the FMPE for population-based surveillance of periodontitis. By probing only 56 sites, it has important implications for reduced examination time in periodontitis surveillance. In addition to small absolute bias, we can infer from a study (Nelson et al. 2001 ) that a PMPE protocol with a relative bias ≤20% was considered to have an acceptable performance as relative bias equal to sensitivity minus one (Kingman et al. 1988 ). Although the half-mouth four sites protocol provided a relative bias of 22.9% for severe periodontitis in age group 30-39 years and À22.5% in age group 70-80 years in accordance with half-reduced CDC/AAP definition, the corresponding absolute biases for these two age groups were small (0.8% and À2.9%).
We also suggest using the newly proposed CDC/AAP case definition for the half-mouth four sites protocol because periodontitis case definition strongly impacted performance of PMPE protocols. Bias for the PMPE protocols in estimates of periodontitis prevalence decreased significantly with the application of the half-reduced CDC/AAP definition, compared to the application of full CDC/AAP definition. Previous studies showed that the half-mouth MB-DB, half-mouth MB-DL, half-mouth MB-DB-DL, half-mouth MB-DB-ML and half-mouth four sites protocols largely underestimated periodontitis prevalence (Eke et al. , 2012a . However, these studies applied the CDC/AAP definition to the PMPE protocols which might contribute partly to the underestimation. This study is the first to provide evidence of bias caused by application of the same CDC/AAP definition to both, FMPE and PMPE protocols.
With the half-reduced CDC/AAP case definition, 40 sites CPI protocol substantially overestimated periodontitis prevalence in the age group 30-39 years and in group of subjects with ≥25 teeth in the NHANES sample. The bias could be partly attributed to the protocol design and to the low prevalence of severe periodontitis in these two groups, 3.5% and 5.8%, respectively. It was shown that bias was influenced by the number and location of sites assessed (Susin et al. 2005 and that relative bias increased when disease prevalence decreased (Kingman et al. 1988 ). The poor performance of the CPI protocol in these two groups limits its use in periodontitis surveillance although it also performed well in other strata.
The full-mouth MB-DB performance was acceptable in accordance with the half-reduced CDC/AAP case definition. However, it provided higher bias compared to half-mouth four sites protocol at various levels across all strata. Although they both examine 56 sites, it might be easier and faster to examine only buccal sites. If researchers prefer accuracy, half-mouth four sites protocol would be the best choice. The advantage of this study was the evaluation of the PMPE protocols performance in the NHANES 2009-2010 sample representing the U.S. adult population. Our results can be applied to studies that examine the general population. Additionally, it would be ideal to validate the best performed PMPE protocols in other population-based surveillance using FMPE such as NHANES 2011-2012. The disadvantage of our study was the inability to assess the inter-rater agreement between examiners for periodontal measurements in the NHANES 2009-2010 as it was not published.
Conclusion
Partial-mouth periodontal examination protocols associated biases varied with the number and sites of the protocol, disease level in population and periodontitis case definition. Our findings suggest that the prevalence of periodontitis can be estimated with limited bias when a half-mouth four sites protocol and a half-reduced CDC/AAP case definition are used in combination.
